The myocardium may be the target of several types of viral infections. The importance of hepatitis C virus (HCV) infection has been recently noted in patients with myocarditis and in patients with dilated or hypertrophic cardiomyopathy. The present study sought to detect HCV genomes in formalin-fixed paraffin sections of autopsied hearts from patients with myocarditis and patients with dilated or hypertrophic cardiomyopathy. Paraffin sections were deparaffinized, RNA was extracted, and the positive and negative strands of HCV RNA were detected by performing reverse transcription and nested polymerase chain reaction. The polymerase chain reaction products were cloned and sequenced. ␤-actin gene was used as a control for the successful amplification of a housekeeping gene. Among 106 hearts examined, ␤-actin gene was amplified in 61 hearts (57.5%). Among the latter, HCV RNA was detected in 13 hearts (21.3%), and negative strands in 4 hearts (6.6%). HCV RNA was found in 4 hearts (33.3%) with myocarditis, in 3 hearts (11.5%) with dilated cardiomyopathy, and in 6 hearts (26.0%) with hypertrophic cardiomyopathy. The sequences recovered from nine patients were highly homologous to the standard strain of HCV. HCV genomes were not found in either 35 hearts from patients with myocardial infarction or 20 hearts from patients with noncardiac diseases. These HCV RNA positive samples were obtained from 1 heart in 1979, 7 hearts between 1980 and 1989, and 5 hearts since 1990, indicating that HCV RNA can be amplified from paraffin-embedded hearts preserved for many years. This method of detecting HCV genomes in formalin-fixed paraffin cardiac specimens has enabled us to widen our research into HCV infection and has been helpful in identifying the presence of HCV infection in cardiac myopathic disorders. (Lab Invest 2000, 80:1137-1142.
H
epatitis C virus (HCV) has been associated with several extrahepatic manifestations, among which the best characterized are mixed cryoglobulinemia and glomerulonephritis, which appear to be related to small vessel vasculitis (Johnson et al, 1993) . Some patients with long-standing cryoglobulinemia seem to be at risk for developing B cell non-Hodgkin's lymphoma. Porphyria cutanea tarda is also commonly associated with HCV infection. Other disorders in which the association is less firmly established include secondary Sjö gren's syndrome, Moorhen's corneal ulcer, and hyper-and hypothyroidism. The pathogenesis of these extrahepatic complications is not well understood (Di Bisceglie, 1998) .
The myocardium may be the target of several types of viral infections. Persistent enterovirus infection of the myocardium has been reported (Bowles et al, 1986; Kandolf et al, 1987) , and the existence of a causative role of enteroviruses in acute myocarditis, particularly in children, finds support in a metaanalysis. On the other hand, some of the studies examining the association of enteroviruses with dilated cardiomyopathy have been negative (Baboonian and Treasure, 1997) . Etiologic roles for other viruses, particularly adenovirus and cytomegalovirus (Schonian et al, 1995) have also been reported.
The importance of HCV infection in patients with dilated and hypertrophic cardiomyopathy and myocarditis has been recently noted (Matsumori , 1997; Matsumori et al, 1995 Matsumori et al, , 1996 Matsumori et al, , 1998a Matsumori et al, , 1998b Matsumori et al, , 1999 Okabe et al, 1997) . The present study was, therefore, designed to measure the prevalence of HCV infection in myocarditis and in hypertrophic and dilated cardiomyopathy, using formalin-fixed paraffin sections of autopsied hearts that had been collected over many years.
Results
Among 106 hearts with myocarditis and cardiomyopathy examined in this study, ␤-actin gene was amplified in 61 hearts (57.5%) (Table 1) , confirming the feasibility of genomic analysis by polymerase chain reaction (PCR) of paraffin-embedded tissues stored for many years. The oldest specimen with a positive ␤-actin gene was from a heart autopsied in 1974. Among 61 hearts with positive ␤-actin genes, HCV RNA was detected in 13 hearts (21.3%), positive strands were found in 11 hearts (18.0%), and negative strands were seen in 4 hearts (6.6%) ( Table 1) .
HCV RNA was found in none of the patients with myocardial infarction or those with noncardiac diseases. The difference in frequency of presence of HCV RNA between patients with myocarditis/cardiomyopathy and myocardial infarction/noncardiac diseases was statistically significant: 13 of 106 (12.3%) versus 0 of 55 (0%), p ϭ 0.0047.
HCV RNA was found in 4 of 12 hearts (33.3%) with myocarditis and positive ␤-actin gene. HCV RNA was found in 3 hearts (11.5%) with dilated cardiomyopathy, and in 6 hearts (26.0%) with hypertrophic cardiomyopathy (Table 1 ; Fig. 1 ).
The prevalence of positive HCV RNA was higher in hearts of patients with myocarditis than in those with dilated cardiomyopathy, although the difference did not reach statistical significance ( p ϭ 0.18). Among 13 patients with positive HCV, the oldest sample was obtained in 1979, 7 hearts were autopsied between 1980 and 1989, and 5 hearts were autopsied since 1990 ( Table 2 ), confirming that HCV RNA can be amplified from paraffin-embedded cardiac specimens preserved for several years.
Of the 13 HCV-positive samples, 4 could not be sequenced because of nonspecific reactions. Figure 2 shows the results of sequences of 9 HCV-positive samples. Compared with the HPCJ483 strain, the sequence of Case no. 12 was identical, whereas the sequences of the other 8 cases were different in 1 to 7 bases. Therefore, the sequences of these 9 clones recovered from the hearts of patients showed more than 93% homology to the strain HPCJ483.
Among these 106 patients, 6 had been tested for the presence of anti-HCV antibody. Anti-HCV antibody was detected in 1 patient in whom HCV genomes were not present in the heart.
Discussion
HCV, an RNA virus identified in 1989 Kuo et al, 1989) , is a major cause of both transfusionassociated and sporadic non-A, non-B hepatitis. A prominent characteristic of hepatitis C is the risk of persistent infection and progression to chronic liver disease. Persistent infection occurs in more than 50% of patients infected with HCV and may result in chronic active hepatitis, cirrhosis, and possibly, hepatocellular carcinoma (Alter, 1991) .
Over a 7-year period, we found antibody against HCV in 6 of 36 patients (16.7%) with dilated cardiomyopathy, versus 1 of 40 patients (2.5%) with ischemic heart disease, a statistically significant difference . HCV RNA was found in the autopsied hearts of 1 patient, and in the biopsy specimens of 2 patients. Negative strands of HCV RNA were detected in the heart of 1 patient. HCV infection was also commonly found in patients with hypertrophic cardiomyopathy, with HCV RNA detected in the hearts of 4 out of 6 patients with HCV antibody (Matsumori et al, 1996) . It is noteworthy that, in 2 of these patients, HCV RNA was not detectable in the serum. One patient who suffered from acute hepatitis and myocarditis contemporaneously later developed ventricular hypertrophy, suggesting that HCV infection caused both acute myocarditis and the subsequent development of hypertrophic cardiomyopathy (Matsumori et al, 1996) . More recently, we found a high frequency of HCV RNA in the hearts of patients with the apical type of hypertrophic cardiomyopathy (Matsumori et al, 1998b (Matsumori et al, , 1999 . In a collaborative research project of the Committees for the Study of Idiopathic Cardiomyopathy, a questionnaire was recently submitted to participating Japanese medical centers with a view to identifying a possible association between HCV infection and cardiomyopathies. HCV antibody was found in 74 of 697 patients (10.6%) with hypertrophic cardiomyopathy and in 42 of 663 patients (6.3%) with dilated cardiomyopathy, prevalences significantly higher than those measured among Japanese volunteer blood donors (Matsumori et al, 1998a) . The presence of HCV antibody was detected in 650 of 11,967 patients (5.4%) seeking care in five academic hospitals. Various cardiac abnormalities were found among these anti-HCV antibody-positive patients, with arrhythmias the most frequent. These observations suggest that HCV infection is an important cause of a variety of otherwise unexplained heart diseases. Okabe et al (1997) have reported the recovery of positive and negative strands of HCV RNA in paraffinembedded cardiac tissue blocks from patients with chronic active myocarditis . Although degradation of RNA is a problem in paraffin-embedded tissues for genomic analysis (Bresters et al, 1994; Lo et al, 1989) , HCV RNA could be amplified in the specimens examined in that study. In the present study, a heart autopsied in 1979 was positive for both ␤-actin gene and HCV RNA, indicating that HCV genomes are preserved for at least 19 years and that HCV RNA can be detected in tissue specimens preserved for many years. In addition to positive strands of HCV genomes, negative strands were also detected in 4 hearts, suggesting that HCV replicates in myocardial tissue. To confirm that the recovered sequence was derived from HCV, we used sequence analysis of the genomes recovered in heart samples obtained from patients with cardiomyopathy and myocarditis. Of nine sequences recovered from patients, one clone was identical with the standard strain of HCV, and the other eight clones were highly homologous to it, confirming that these clones were derived from HCV genomes. These results confirm the suitability of the method to detect HCV genomes from formalin-fixed paraffin specimens, and they lend support to the perceived important role played by HCV infection in the pathogenesis of myocarditis and dilated or hypertrophic cardiomyopathy. The 5Ј noncoding region nucleotide sequences of HCV and the clones recovered from the 9 patients with cardiomyopathy and myocarditis. Horizontal bars indicate nucleotides identical to those of the published sequence of the strain. The sequences were highly homologous to the standard strain of HPCJ483.
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Familial hypertrophic cardiomyopathy has been reported to be caused by mutations in the genes for ␤-cardiac myosin heavy chain (Geisterfer-Lowrance et al, 1990) , ␣-tropomyosin, and cardiac troponin T (Watkins et al, 1995) . However, in more than 50% of cases of familial hypertrophic cardiomyopathy and in most cases of nonfamilial hypertrophic cardiomyopathy, the etiology remains unknown. In the present study, HCV RNA was found in the hearts of 3 of 11 patients with familial hypertrophic cardiomyopathy.
Formalin-fixed, paraffin-embedded tissues have been used to detect genomes of adenovirus, cytomegalovirus, and enterovirus (Lozinski et al, 1994; Martin et al, 1994) . This method of detecting hepatitis C virus genomes from formalin-fixed paraffin cardiac specimens has enabled us to widen our research into HCV infection using biopsy or autopsy specimens, and it has been helpful in identifying the presence of HCV infection in cardiac myopathic disorders.
Hepatitis C is now the major cause of liver disease requiring transplantation among adults in most countries. In the United States, the Centers for Disease Control and Prevention have estimated that hepatitis C is responsible for 8,000 to 10,000 deaths annually. Furthermore, deaths from hepatitis C are expected to more than triple over the next 2 decades, eventually resulting in a higher mortality than AIDS (National Institutes of Health Consensus Development Conference Panel statement, 1997). Therefore, further studies of the relationship between hepatitis C virus infection and cardiomyopathy or myocarditis are warranted.
Materials and Methods
The study population consisted of 14 patients with myocarditis, 50 patients with dilated cardiomyopathy, and 42 patients with hypertrophic cardiomyopathy, who had been autopsied between 1979 and 1997. There were 71 men and 35 women, 14 to 82 years of age (mean ϭ 49.9 Ϯ 18.7 years). A familial occurrence was noted in 5 patients with dilated cardiomyopathy and in 11 patients with hypertrophic cardiomyopathy. The pathological diagnoses were made as described previously (Katsuragi et al, 1993; Kawai et al, 1987; Kawai and Okada, 1990; Okada et al, 1989; Yutani et al, 1985 Yutani et al, , 1987 .
The hearts from 35 patients with myocardial infarction, 43 to 92 years of age (mean ϭ 72.8 Ϯ 10.7 years), and 20 patients with noncardiac diseases (pulmonary and systemic arterial diseases, n ϭ 9; cerebrovascular disease, n ϭ 11), 24 to 87 years of age (mean ϭ 63.7 Ϯ 17.7 years), were studied as controls. The hearts were fixed in buffered 10% formalin and embedded in paraffin. Sections from the left ventricle were cut into 6 m-thick slices. Paraffin sections were deparaffinized in 1 ml of xylene and centrifuged at 5,000 rpm for 5 minutes. Pellets were washed twice in 100% ethanol and RNA was extracted using guanidinium thiocyanate/phenol/chloroform/isoamylalcohol.
The positive and negative strands of viral RNA were detected by performing reverse transcription of RNA samples in the presence of a single oligonucleotide primer (either the sense or the antisense primer), followed by heat inactivation of the reverse transcriptase. The DNA produced in this reverse transcription reaction was therefore complementary to one of the two RNA strands and could then be amplified by PCR in the presence of both oligonucleotide primers.
The oligonucleotide primers used were chosen from the highly conserved 5Ј noncoding region nucleotide sequence of the HCV genome. For the external primers, the following sequences were used: sense, nucleotide Nos. 26 to 50, 5Ј-CACTCCCCTGTGAGGAACTACTGTC-3Ј, and antisense, nucleotide Nos. 307 to 331, 5Ј-ATGGTGCAC-GGTCTACGAGACCTCC-3Ј. The internal primers were as follows: sense, nucleotide Nos. 51 to 70, 5Ј-TTCACGCA-GAAAGCGTCTAG-3Ј, and antisense, nucleotide Nos. 176 to 195, 5ЈGTTGATCCAAGAAAGGACCC-3Ј.
Reverse transcription (RT) was performed as described in a 20-l reaction volume containing 1 l of RNA, 0.4 mM of either the sense or antisense outer primer, 250 M of the four dNTP (Perkin Elmer Cetus, Norwalk, Connecticut), 15 U of RNasin (Wako Chemical, Co., Ltd., Osaka, Japan), 1ϫ RT buffer and 100 U of murine leukemia reverse transcriptase (Gibco BRL, Eggenstein, Germany). The mixture was incubated at 37°C for 1 hour. RT was then inactivated by heating at 95°C for 30 minutes, and the mixture was quickly chilled on ice.
PCR amplification was performed by adding 77.5 ml of 1ϫ PCR buffer containing 400 M of the opposite sense or antisense primer and 2.5 U of Taq polymerase (Perkin Elmer Cetus). Mineral oil was poured on top of the mixture. The thermocycler was programmed to incubate samples for single cycles at 92°C for 5 minutes, 55°C for 2 minutes, and 72°C for 3 minutes, followed by 35 cycles at 90°C for 1 minute, 55°C for 1 minute, and 72°C for 2 minutes, followed by a final 10 minutes at 72°C.
For the second amplification, 5 l removed from the first reaction was added to a reaction mixture similar to the first mixture, however, with 1 M of the inner instead of the outer primers. PCR was carried out for 35 cycles as described for the first amplification. Ten microliters of the second amplification was analyzed by electrophoresis in a 3% agarose gel containing 1 g/ml of ethidium bromide and visualized under ultraviolet light. The size of the expected amplification product was 145 bp.
PCR products were purified with Sephaglas Band Prep (Pharmacia Biotech, Uppsala, Sweden). Dideoxy DNA sequencing was performed by the dye termination method in an ABI automated DNA sequencer (Applied Biosystems, Foster City, California) with the BigDye Terminator Cycle Sequence Ready Reaction (Applied Biosystems) as specified by the manufacturers. HCV 5Ј HPCJ 483 was used as a standard strain of the virus (Okamoto et al, 1992) .
␤-actin gene was used as control for the successful amplification of a housekeeping gene. The sequences of the oligonucleotides were as follows: sense, 5Ј-GTGGGGCGCCCCAGGCACCA-3Ј, and antisense, 5Ј-GATCCTCACCGAGCGCGGCTACA-3Ј. RT-PCR was performed with a selective RNA PCR kit (Takara Shuzo, Co., Ltd., Kyoto, Japan), according to the manufacturer's protocols. The amplification reactions for ␤-actin consisted of 40 cycles at 85°C for 1 minute, annealing at 58°C for 1 minute, and extension at 72°C for 1 minute. The size of the expected amplification product was 493 bp.
Differences between groups in the frequency of HCV genomes were tested by Fisher's exact test. A p value Ͻ 0.05 was considered significant.
